Abstract. Service level agreements (SLAs) establish the terms in which a logistics service may be provided or consumed. During the last years we have been studying techniques to perform an automated analysis of expressive and realistic SLAs, which makes the agreement creation process easier for involved parties. Firstly, we extended WS-Agreement specication to allow to apply any type of validity periods to SLA terms. Later, we dealt with the automated analysis of SLAs by proposing the explaining of SLAs inconsistencies and non-compliance scenarios. In this paper we show how these contributions are necessary to enable a logistic scenario of package tracking by providing examples for each proposal. We also include a nal discussion on the convenience of performing a merge of all contributions to enable a better application of SLAs to logistic scenarios.
Introduction
Service-Oriented Computing with its existing set of standards, promotes adaptive supply chain management concepts, exible and re-congurable logistics service provisioning in supply chains. Thus, service level agreements (SLAs) establish the terms in which a logistics service may be provided or consumed.
During the last years we have been studying techniques to perform an automated analysis of expressive and realistic SLAs which makes the agreement creation process easier for involved parties [3, 5, 4] . In order to apply our theories, we used WS-Agreement specication [1] , which denes an XML-based language and a protocol for advertising the capabilities and preferences of services providers in templates, and creating agreements based on them. In IC-SOC'07 [3] , we proposed a temporal domain specic language (DSL) which increases the temporal-awareness of WS-Agreement specication. Such temporal DSL, allows expressive periodical/non-periodical and disjoint/non-disjoint This work has been partially supported by the European Commission (FEDER), Spanish Government under the CICYT projects Web-Factories (TIN2006-00472), and SETI (TIN2009-07366); and project P07-TIC-2533 funded by the Andalusian local Government. validity periods to the terms of SLAs. Later in ICSOC'08 [5] and ICSOC'09 [4] , we dealt with the automated analysis of SLAs proposing the explaining of SLAs inconsistency and non-compliance scenarios respectively. We also provide a constraint-based solution model and two proof-of-concepts, available for testing at http://www.isa.us.es/wsag. Mentioned [5, 4] papers were inspired by previous papers [2, 6] , which focus on checking whether an SLA is compliant with another one but without providing any explanation for the non-compliance, if any.
Contribution: This paper is focused on applying our previous contributions on automated analysis of SLAs in logistic area. To this end, we take our previous work in [3, 5, 4] separately, and we apply each one into a package tracking scenario to validate our contributions in logistic area. Furthermore, we provide a nal discussion on the convenience of performing a merge of all contributions to a better application to logistic area.
The remainder of the paper is organized as follows: Section 2 describes the used subset of WS-Agreement; Section 3 includes the agreement creation process in a motivating scenario of package tracking providing; Section 4 apply to logistics our contributions of: temporal-aware SLAs in Section 4.1, explaining SLA inconsistencies in Section 4.2, and explaining the non-compliance between templates and agreement oers in Section 4.3; and nally Section 5 conclude this paper and raises a discussion on future work.
WS-Agreement* in a nutshell
Due to the exibility and extensibility of WS-Agreement, in [5, 4] we focused on WS-Agreement*, which is a subset of WS-Agreement (cf. http://www.isa. us.es/wsag, for details about these dierences). WS-Agreement* just imposes several restrictions on some elements of WS-Agreement but it keeps the same syntax and semantics, therefore any WS-Agreement document that follows these restrictions is a WS-Agreement* document. Furthermore, note that, although WS-Agreement* is not as expressive as WS-Agreement, it does allow to express complex agreement documents as those in Figure 1 Terms can be composed using the three term compositors described in [1] :
All (∧), ExactlyOne (⊕), and OneOrMore (∨). All terms in the document must be included into a main All term compositor. Figure 1 • Service properties must dene all variables that are used in the guarantee terms and other agreement elements, explained later. In Figure 1 (a), the variables are the availability of the computing service (Availability), the response time for a request from server, without considering network trac delays (ResponseTime) , and the initial cost for the service (InitCost). The type and general range of values for each variable is provided in an external document such as the ad-hoc XML document depicted in Figure 1 (b).
• Service description terms provide a functional description of a service, i.e. the information necessary to provide the service to the consumer. They may set values to variables dened in the service properties (e.g. InitCost=20 in Figure 1(a) ) or they may set values to new variables.
Type and domains are dened in external les such as XML Schemes (e.g.
Carrier=MyCarrier in Figure 1(a) ).
Guarantee terms describe the service level objectives (SLO) that a specic obligated party must fulll, and a qualifying condition that species the validity condition under which the SLO is applied. For instance the LowerAvailability guarantee term included in Figure 1 (a).
A WS-Agreement template is an agreement document with the structure of a WS-Agreement document as described in previous section, but including agreement creation constraints that should be taken into account during the agreement creation process [1] . These Creation Constraints describe the variability allowed by the party that makes the template public. They include (1) Constraints involving the values of one or more terms, for instance the FinalCost denition of Constraint 1 of Figure 1 
Creation of SLAs in a Motivating Logistics Scenario
A typical interaction process to create agreements using templates and oers, applied to a package tracking service providing scenario, could be as follows:
(1) an initiator party, which needs a package tracking service, takes the public template depicted in Figure 1 (a) from a responder party. This template describes the agreement terms and some variability that must be taken into account by the initiator in order to achieve an agreement; (2) whether their packages will arrive on time or not, we need control when and how the service can be requested to satisfy our users. Therefore, we need to include validity periods applied to the whole SLA and to concrete SLA terms. 
Constraint 2
ResponseTime < 10 ExtraRespTimeCost = 15
Constraint 3
ResponseTime >= 10 ExtraRespTimeCost = 0 concrete frequency, and (2) disjoint/non-disjoint, with gaps inside the period or not. Such temporal DSL is dened as an XML schema which can be downloaded from http://www.isa.us.es/wsag, but represented in [3] as an UML diagram.
We also discuss in [3] how to apply such temporal DSL to the whole agreement or to single terms of WS-Agreement documents.
Applying the Explanation of SLA Inconsistencies in Logistics
The rst of our studied main operations of automated analysis of SLAs is the explaining of SLA inconsistences and such analysis operation would be of great help for the management of supply chains with logistic services regulated by means of SLAs because a failure to specify their terms could carry penalties to the initiating or responding party. Therefore, agreement terms should be specied in a consistent way, avoiding contradictions between them. However, depending on the complexity of the agreement, this may become a challenging task. The application of our contribution in [5] would obtain error-free SLAs specications in logistics scenarios. For instance, Figure 1 GPSs. In other cases a negotiation process could be needed if the provider is interested in a non-totally-compliant agreement oer.
The study of this second operation of automated analysis of SLAs started in [4] where we take the mechanism of templates and agreement oers of WSAgreement as reference, we include some rigorous denitions of compliance be-tween templates and agreement oers, and the explaining of non-compliance scenarios. A proof-of-concept based on constraint satisfaction problems has been developed and it is available for testing at http://www.isa.us.es/wsag.
Conclusions and Discussion on Future Work
In this paper we have motivated the need for our recent contributions [3, 5, 4] in logistics scenarios and we have proof that they are applicable by means of examples for each contribution in a package tracking service proving scenario.
More specically, we use the mechanism of templates and agreement oers of WS-Agreement specication to present: (1) a temporal-aware scenario in Figure   2 with any kind of validity periods applied to the whole SLA or to dierent SLA terms; and (2) an inconsistent and non-compliant scenario in Figure 1 depicting an inconsistent agreement oer and a non-compliant agreement oer with an initial template.
However, such proof has been performed for each contribution on its own.
Therefore, we raise now the following question: Is it necessary a merge of contributions to a better application to logistics?
It is obvious that performing a merge of the mentioned contributions we would obtain an automated analysis of SLAs with a high degree of temporalawareness which is very appealing in logistics scenarios because it allows the ex- However, such merge is an easy to enunciate problem with a hard solution because we use constraint-based problems as paradigm to solve the explaining of SLAs errors. The inclusion of periodical and disjoint validity periods in such constraint-based problem may obtain a problem too complex to be solved. A possible solution could be to perform a pre-processing of the validity periods which is still under study. Therefore, at the moment we have focused on the study of main operations of automated analysis of SLAs without considering the complex temporal-awareness studied in [3] . In addition, we also have more analysis operations to study, as for instance the analysis of overlapping or dierences in an SLA or several SLAs.
